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MEASURING SYSTEM FOR A VISCOSITY 
MEASUREMENT OF LIQUIDS 

Field Of The Invention 

The present invention relates to a measuring system for 
measuring the properties of liquids, in particular for 
measuring the viscosity of a liquid. A piezoelectric sensor 
device is provided in the liquid to be measured, and is 
electrically controlled and analyzed. 

Background Information 

Piezoelectric thickness shear vibrators made of quartz, for 
example, have been used for viscosity measurements for some 
time. See, for example, S. M. Martin et al., Sens. Act. A 44 
(1994) pages 209-218. When such a thickness shear vibrator is 
immersed in a viscous liquid, the resonant frequency of the 
natural vibration and its attenuation vary as a function of 
the viscosity and density of the viscous liquid. Since the 
density of typical liquids varies to a much greater extent 
than their viscosity, such a component is virtually a 
viscosity sensor. 

In the past, when such viscosity sensors were used in 
aggressive or corrosive liquids, such as motor oil or 
transmission oil, the surfaces of the component to be wetted 
were usually brought in contact with the liquid through 
sealing devices, such as O rings or the like. 

One disadvantage of this known approach is the fact that in 
attaching such sealing devices, a mechanical pressure is 
applied to the part to guarantee a seal. However, this results 
in an undesirable influence on the electric properties of the 
part and thus to an inaccurate measurement analysis. 
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Summary Of The Invention 

According to the present invention, a piezoelectric sensor 
device is immersed completely in the liquid to be measured in 
5 the container and has electric contact points for an electric 
control, the contact points being resistant with regard to the 
liquid. Inside the container, electric leads are provided 
which are resistant with regard to the liquid and are 
connectable to an electronic control/analyzer unit outside the 
10 container and to the contact points of the sensor device by a 
jp suitable conductive adhesive containing metal particles. 

q 
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CO The measuring system according to the present invention has 
the advantage that there is no influence on the electric 
15P properties of the piezoelectric sensor device during the 
measuring operation due to mechanical impact, and thus an 
W accurate measurement of the viscosity of the liquid may be 
gp performed. In addition, selecting suitable contact and lead 

Q wire materials and a suitable conductive adhesive guarantees 

fU 

20' " : complete immersion of the sensor device in the liquid to be 
measured. This further increases the measuring accuracy. 

According to a particular refinement, the piezoelectric sensor 
device is designed as a disk-shaped quartz crystal and is 
25 excitable to shearing oscillations by an electric control. 
However, other piezoelectric materials such as lithium 
tantalate piezoceramics or the like may also be used. 

According to another refinement, the liquid to be measured is 
30 an oil. For use in oil in particular, the contact points may 
be designed as gold or chromium electrodes and the lead 
conductors may be designed as gold-plated or chromium-plated 
wires. These are extremely medium-resistant materials with 
respect to oil. 



35 



According to another refinement, the electric lead conductors 
are designed as bifurcated contact springs. Accommodation of a 
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disk-shaped sensor device by the contact springs is 
facilitated by such a bifurcated shape. 

According to another refinement, the sensor device is in a 
5 protective container having a bottom and a cap which may also 
be introduced into the liquid. In this case, the container 
provides mechanical protection for the measuring system. 

According to another refinement, the electric lead conductors 
10 are led out of the container through bushings, in particular 
**% glass bushings, in the container cap and/or the container 
Q bottom. Thus the sensor device is activated via external 
electronics . 



CO 

en 
in 

15{;|j According to another refinement, the electric lead conductors 
? are connectable to connecting leads in the container cap 

o 

!»| and/or container bottom. The lead conductors are connected to 
connecting wires in the container cap and/or container bottom 

Irt 

q by suitable joining methods such as welding. This also ensures 
20 W an electric connection to an external voltage source. 

According to another refinement, at least one opening is 
provided in the container for a liquid inlet /outlet . 

25 According to another refinement, the container is hermetically 
sealable . 

According to another refinement, the conductive adhesive is an 
isotropic, electrically conductive adhesive based on an epoxy 
30 resin, a phenolic resin or a polyimide, in particular based on 
an epoxy-phenolic resin. This guarantees a good electric and 
mechanical contact of the sensor device with the corresponding 
lead conductors. 

35 According to another refinement, the metal particles in the 
conductive adhesive are nickel or gold particles, which may 
have a particle size of approximately 2 vim to 20 pm. 
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According to another refinement, nickel or gold particles are 
present in the conductive adhesive in a concentration of 75 to 
95 wt%. 

5 Brief Description Of The Drawing 

The Figure shows a cross section through a measuring system 
according to one embodiment of the present invention. 

Detailed Description 
10 The Figure illustrates a cross section through a measuring 

H* system 1 according to one embodiment of the present invention. 

£3 

o 

M3 A container 2 is designed in two parts according to the 
|;r fe present invention, including a bottom 20 and a cap 21 

15iPt detachably mounted thereon, and it is immersed completely in 

P 

' liquid 10 to be measured. Cap 21 has openings 4 for a liquid 

19 exchange situated on the side and/or at the top, the opening 

W 

p u closer to the top may function as a liquid inlet, and the 

Ifl opening situated closer to the bottom may function as a liquid 

(3 

20|iy outlet. Bottom 20 of the container 2 has two glass bushings 3. 

As described above, the entire measuring system 1 is situated 
in a liquid 10 whose viscosity or other liquid properties are 
to be measured. The entire container 2 is thus also filled 
25 with liquid 10 through openings 4. 

According to an exemplary embodiment, oil is used as liquid 
10, however, other liquids in combination with suitable 
materials can also be measured. 

30 

A sensor device 5, which may be a piezoelectric quartz 
crystal, for example, has a disk-shaped design and is 
completely immersed in liquid 10 in container 2. Disk-shaped 
quartz sensor 5 has two electric contact points 6 which are 
35 designed as gold or chromium electrodes 6 according to the 

present embodiment. For a specific use in oil, e.g., motor oil 
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or transmission oil, gold or chromium electrodes have proven 
to be especially robust materials. 

Contact points 6 are connected by a suitable conductive 
5 adhesive 8 to electric lead conductors 7 which are designed as 
gold-plated or chromium-plated wires according to the present 
embodiment- These gold-plated or chromium-plated wires have 
proven to be especially robust materials for a specific use in 
oil. Electric lead conductors 7 may also be designed as 
10 bifurcated contact springs 7 for mechanical accommodation of 
the piezoelectric quartz disk 5. 
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ffl Conductive adhesive 8 guarantees the electric and mechanical 
M contact of the piezoelectric quartz disk 5 with contact 

in 

15|;;| springs 7 at contact points 6. According to the present 

embodiment, isotropic, electrically conductive adhesive 8 
advantageously is an epoxy resin, a phenolic resin and/or a 
jjjj polyimide. The material of conductive adhesive 8 can also be 
Q based on an epoxy-phenol . Isotropic conductive adhesives 8 are 

fi|| 

20 |s * provided with metal particles, such as nickel and/or gold 

particles, in the form of flakes or beads or mixtures thereof. 
The nickel and/or gold particles may have a particle size of 
approx. 2 pm to 20 pm. The concentration of the nickel and/or 
gold particles in conductive adhesive 8 amounts to approx. 75 

25 to 95 wt%. 



Electric lead conductors 7 may either pass directly through 
bottom 20 of container 2 through glass bushings 3 or be 
connected to corresponding connecting wires in bottom 20 of 

30 container 2 by suitable joining methods, e.g., welding. The 
deciding factor is that an electric connection of sensor 
device 5 to an electronic control and analyzer unit outside of 
container 2 for electric control of sensor device 5 and 
subsequent analysis of the results is established via contact 

35 points 6 and electric lead conductors 7, contact points 6, 
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conductive adhesives 8 and electric lead conductors 7 being 
resistant with regard to liquid 10 to be measured. 

Although the present invention has been described above on the 
5 basis of an exemplary embodiment, it is not limited to this 
embodiment, but instead it may be modified in a variety of 
ways . 

Thus, liquids other than oil may be measured, using contact 
10 materials and conductive adhesives containing suitable metal 

Q particles and electric lead conductor materials that are 

H 

*2 resistant to this liquid. 

HI 

m 

In addition, a hermetic seal of the container may be 

ill 

15Q established without any negative effect on the electric 

* connection of the sensor device to the external electronic 

P 

LiiJ control/analyzer unit. 
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